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57 ABSTRACT 
A feedback servo positioning system for motor 13 is 
configured under the control of microprocessor 27 ei 
ther as a position feedback servo for small displacement 
demands or an acceleration feedback servo for large 
displacements. In the latter role, the processor deter 
mines an intermediate position (e.g. mid point), acceler 
ating the motor at maximum acceleration rate until the 
intermediate position is reached, and then calculates the 
deceleration rate required to stop the motor at the de 
mand position. During deceleration the instantaneous 
position and velocity are monitored to update the opti 
mum deceleration rate to compensate for variations 
from the initially computed value due to friction and 
other measurement errors. 

13 Claims, 1 Drawing Figure 

ANAOG 
SERVO 

CONTROLLER 

DECISION 
MEANS 

  

  

  

  

  



4,694,229 U.S. Patent Sep. 15, 1987 

NOISIJEG, 

99 

  

  

  

  

  

  



1. 

SERVO POSITONING SYSTEM 

This invention relates to servo positioning systems 
and in particular to feedback servo positioning systems 
operable to move the position of a body over a wide 
range of displacements with a rapid response. 

It is known to configure feedback servo positioning 
systems with a feedback element having a transfer func 
tion which is not only linearly related to the position of 10 
a body but also to the velocity of motion. One critical 
factor determining the transfer functions employed is 
the stability of systems resulting therefrom. 
Where the system is required to respond rapidly to 

reposition the body in a minimum time, then for small 
displacements the system may be slightly underdamped 
leading to a rapid motion between positions with only a 
short settling time at the new position. For large dis 
placements an underdamped system may have a settling 
time which more than offsets any extra rate of move 
ment or even become unstable, whereas a greater damp 
ing factor to avoid this can often result in overdamping 
and slower responses at lower displacements. 

It is an object of the present invention to provide a 
method of rapid servo positioning and apparatus for 
feedback servo positioning operable rapidly over a 
wider range of displacements than hitherto. 
According to a first aspect of the present invention a 

feedback servo positioning system for controlling the 
position of a displaceable body in accordance with re 
ceived position demand signals includes transducer 
means operable to produce transducer signals represent 
ing the instantaneous position, velocity and acceleration 
of the body and drive motor means operable to displace 
the body in response to error signals received from 
decision making means to which said position demand 
signals and transducer signals are applied, said decision 
making means being responsive to a displacement be 
tween instantaneous and demanded positions greater 
than a predetermined threshold value to determine as a 
preset function of the demanded displacement an inter 
mediate position and cause an error signal to be applied 
to the drive motor means to accelerate it at a predeter 
mined acceleration rate until it reaches the intermediate 
position, thereafter causing the current to be reversed to 
decelerate the motor and reduced in value at a rate 
being a function of the instantaneous velocity and dis 
placement to bring the body to rest at the demanded 
position, and responsive to a displacement between 
instantaneous and demanded positions less than said 
predetermined threshold value to cause the application 
of error signals to the drive motor means having a value 
proportional to the difference between the instanta 
neous and demanded positions. 
According to a second aspect of the present invention 

a method of positioning a displaceable body in a feed 
back servo controlled positioning system including a 
drive motor responsive to received error signals to 
displace the body and transducer means operable to 
determine the instantaneous position, velocity and ac 
celeration of the body and decision making means oper 
able to apply signals to drive the motor as a logical 
function of a position demanded of the body, comprises 
determining whether a demanded position results in a 
demanded body displacement in excess of a predeter 
mined threshold and if so, deriving an intermediate 
position as a preset function of the displacement be 
tween initial and demanded positions, causing a prede 
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termined acceleration of the drive motor until the body 
reaches said intermediate position and from said inter 
mediate position causing deceleration of the drive 
motor as a function of the instantaneous velocity and 
remaining displacement at a rate to bring the body to 
rest at the demanded position, and if or when the dis 
placement between instantaneous and demanded posi 
tions is less than said predetermined threshold causing a 
substantially linear position error signal to be applied to 
the drive motor proportional to the difference between 
instantaneous and demanded positions. 
An embodiment of the invention will now be de 

scribed by way of example with reference to the accom 
panying drawing, showing a schematic electromechani 
cal circuit diagram of a feedback servo positioning sys 
ten according to the present invention. 
A servo positioning system is shown generally at 10 

for controlling the rotational position of a body 11. 
Drive motor means 12 includes a d.c. torque motor 13 
having a rotatable shaft 14 on which the body is carried, 
the motor being supplied with drive current by a motor 
drive amplifier 15 at a magnitude corresponding to the 
magnitude of an error signal received on output line 16 
from decision making means 17. 
The motor shaft 14 is also coupled to transducer 

means comprising a tachogenerator 18 which produces 
analog signals of magnitude proportional to the rota 
tional rate, or velocity, of the motor shaft on line 19 and 
angle resolving means 20 which produces analog signals 
of magnitude proportional to the rotational position of 
the motor shaft. The angle resolving means may in fact 
comprise a high accuracy synchro with dual windings 
giving, speed (coarse, low accuracy) and 36 speed (fine, 
high accuracy) outputs on line 21, 22. A motor current 
measuring transducer 23 comprises a current sensing 
resistance element 24 in the motor supply circuit from 
motor drive amplifier 15 and a voltage measuring de 
vice, such as a differential input voltage amplifier, to 
deliver on line 25 a signal voltage having a magnitude 
proportional to the drive current supplied to the motor 
13 and thus the torque developed by, and acceleration 
of, the motor. 
The output from the transducers 18, 20 and 23 are all 

applied as inputs to the decision making means, as is a 
position demand signal on line 26. 
The decision making means 17 includes digital pro 

cessing means in the form of a microprocessor 27 and 
analog servo controller means 28. 
The signals from acceleration transducer 23 are ap 

plied to a first input 29 of the analog servo controller. 
The signals from angle resolver 20 are fed on lines 21, 

22 to separate channels of a multiplexer/analog-to-digi 
tal converter (ADC) 30. The multiplexer/ADC pro 
duces digitised motor shaft angle signals on bus 31 con 
nected to an input port of the microprocessor, multi 
plexing signals for switching between channels being 
provided on a line 32 from the microprocessor. 
The signals from tachogenerator 18 on line 19 are fed 

to an ADC 33 and thence to an input port of the micro 
processor on bus 34. 
The position demand signal on line 26 is applied to an 

ADC 35 and to an input port of the microprocessor on 
bus 36. 
An output port 37 of the microprocessor is coupled 

by bus 38 to a digital-to-analog converter (DAC) 39, 
which provides the microprocessor output signals in 
analog form to a second input 40 of the analog servo 
controller and an output 41 provides configuration 
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switching signals on line 42 to the analog servo control 
ler whereby its transfer function characteristics are 
defined as described below. 
The analog servo controller contains a feedback net 

work having a transfer function to suitably modify ac 
celeration signals as to amplitude and phase in accor 
dance with known practices, said feedback network 
being connected to receive signals from the first input 
terminal 29 and provide them to one input 44 of error 
measuring means 45, the other input 46 of which is 
connected to receive signals from the second input 
terminal 40 by way of switching means 47. The error 
measuring means 44, conveniently a differencing cir 
cuit, has an output 48 connected by way of the switch 
ing means 47 to the decision making means output 16 
and thence to the input of motor drive amplifier. 
The switching means is shown schematically as a 

double-pole double-throw switch, in one switch state 
connecting the second input and the output terminals 40 
and 16 to the above described input and output termi 
nals 46 and 48 of the error measuring means and in the 
other state connecting the second input and the output 
terminals 40 and 16 to each other directly or by way of 
a circuit 49 having a constant, i.e. invarient, transfer 
function such as an amplifier or attenuator. 
The state of the switching means 47 is set by configu 

ration signals from the microprocessor in accordance 
with the microprocessor assuming one of two output 
states, which states also determine the nature of signals 
output from port 37. 
The microprocessor is conventional in having storage 

means containing both the operating sequence of pro 
cessing the various input signals and various preset 
values associated with the signals which cause changes 
in the operating sequence. The precise nature of the 
instructions for performing the operating sequence de 
pends on the type of microprocessor employed but as 
such detail description is not essential to an understand 
ing of the invention only the functional requirements of 
the programmed microprocessor are given here. 
The general operating scheme, to be undertaken by 

the system is as follows. For any angular position of the 
body 11 when a new position is demanded the displace 
ment between them is ascertained by the microproces 
sor and compared therein with a predetermined thresh 
old value. If it is below the threshold the microproces 
sor assumes a simple position servo mode, the output 
signals at port 37 representing the difference between 
the demanded angular position and instantaneous angu 
lar position measured by transducer 20, that is, a posi 
tion error signal, and the configuration signal at output 
port 41 putting the switching means 47 in the analog 
sevo controller to the state shown whereby the control 
ler is configured essentially with a transfer function 
which is a constant. 
The position error signals in analog form are applied 

to, and transmitted by, the analog servo controller and 
applied to the motor drive amplifier 15 which supplies 
current to the motor 13 of magnitude proportional to 
that of the error signal. Rotation of the motor reduces 
the angle signals from transducer 20 and in the micro 
processor the position error signal is updated and again 
output to port 37. 
The operation is thus that of a conventional position 

feedback servo but with the determination of error 
between demanded and instantaneous angular position 
signals being performed digitally by the microproces 
SOI. 
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4. 
It will be appreciated that if desired the angle feed 

back signal may be modified as to phase in a lead or lag 
function by means of the velocity feedback signals on 
line 19 and input via ADC 33 and possibly by accelera 
tion feedback signals on line 25 input via an ADC 50. 

Returning to the initial comparison between the posi 
tion error signal and the predetermined threshold, if the 
threshold is exceeded the microprocesser enters a "fast 
slew mode. 

In this mode the output port 37 delivers a signal 
which represents an acceleration demand signal and the 
port 41 delivers a configuration signal which puts 
switching means 47 into the state with the contacts 
shown open in FIG. 2, closed. 
The analog servo controller is thus configured as an 

acceleration feedback servo, the motor acceleration 
feedback signal being compared with the acceleration 
demand signal in analog form in error measuring means 
45 and the acceleration error signal applied to the motor 
drive amplifier 15, the motor 13 thereby being acceler 
ated at a rate determined by the acceleration demand 
signal from the microprocessor. 
The value of demanded acceleration may be stored as 

a preset in the microprocessor determined from a 
knowledge of the motor performance and load. Conve 
niently such a preset value is the maximum acceleration 
rate of the motor or slightly less to avoid the motor 
drive amplifier becoming saturated. 

If a maximum value of acceleration is required then 
this may in fact be determined by the microprocessor as 
a result of driving the amplifier 15 into saturation briefly 
and measuring the actual maximum acceleration (cur 
rent) obtained. 

Alternatively the value of demanded acceleration 
may be computed by the microprocessor from the in 
stantaneous position and velocity of the motor using the 
angular position and velocity feedback signals. 

In one example of operation in the fast slew mode the 
microprocessor selects a preset acceleration demand 
substantially equal to the motor maximum. It monitors 
the instantaneous position of the motor and compares 
this with a function of the demanded displacement. 
When this comparison indicates that the motor is at an 
intermediate position, say half way to the demanded 
position, the acceleration demand signal is reversed in 
polarity causing the motor to decelerate. The magni 
tude of the acceleration (deceleration) demand signal is 
reduced as a function of the feedback velocity and dis 
placement. The function is that applicable to moving 
bodies and of the form acceleration = -co/(2-e) where 
a) is the instantaneous rotational velocity and e is the 
remaining displacement error between the instanta 
neous and demanded positions. 
The computed demanded deceleration rate ensures 

that the body is brought to rest at the demanded posi 
tion. Whereas with an intermediate position halfway to 
the demanded position and with a constant acceleration 
the body should theoretically be brought to rest at the 
demanded position it will be appreciated that external 
influences, internal friction and losses or errors in the 
measurement devices or processing delays will cause 
assymetry making such a controlled deceleration pref 
erable. 

It will be appreciated that the intermediate position 
may be other than halfway requiring deceleration over 
a longer or shorter period. Clearly if it is greater than 
half way then the acceleration value must be less than 
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the maximum in order for it to be increased for the 
corresponding shorter deceleration time. 

In such event the system may be provided with me 
chanical braking means shown at 51 which includes an 
actuator 52 and brake shoes 53, 54 which are brought to 
bear on the motor shaft when the actuator received 
energizing signals on line 55 from the microprocessor 
via DAC 56. The microprocessor may store a represen 
tation of the maximum current available from the motor 
drive amplifier, or such maximum current may be deter 
mined from the monitored signal provided by ADC 50 
as described above, and compare this with the de 
manded drive current represented by the deceleration 
demand signal output at port 37. If the deceleration 
demand exceeds that available from the motor drive 
amplifier a signal is produced on the line 55 to actuate 
the braking means and effect additional retardation of 
the motor until the motor current as measured by the 
acceleration feedback transducer 23 is within the limits 
of control and usable in determining an acceleration 
demand signal. 

It will be appreciated that as the microprocessor is 
able to monitor the instantaneous angular position and 
the demanded position which indicated the "fast slew' 
mode it is also able to determine when the decelerating 
motor produces an angular position error below the 
threshold value and may then switch to operate in the 
position servo mode for final positioning of the motor to 
the demanded position. 

It will be appreciated that whereas the feedback sig 
nals are derived from individual transducers for each of 
the three quantities measurements of only one or two 
may be made, the other or others being derived by 
single and/or double integration and/or differentiation 
as appropriate. 

In the decision making means 17 the digital process 
ing means is conveniently in the form of a microproces 
sor as described above. The digital processing means 
may, of course, be implemented in other forms, such as 
conventional hard-wired logic circuitry. 

I claim: 
1. A feedback servo positioning system for control 

ling the position of a displaceable body in accordance 
with received position demand signals representing the 
instantaneous position, Velocity and acceleration of the 
body, drive motor means for displacing the body by 
current flow therein resulting from servo error signals 
and decision making means operable to provide said 
servo error signals to the drive motor in response to said 
position demand and transducer signals, said decision 
making means being responsive to a measured displace 
ment between instantaneous and demanded positions 
less than a predetermined threshold value to configure 
the feedback servo system as a position feedback loop 
and derive servo error signals having values propor 
tional to the difference between the instantaneous and 
demanded positions, and responsive to a displacement 
between instantaneous and demanded positions greater 
than said predetermined threshold value to configure 
the feedback servo system as an acceleration feedback 
loop, provide an acceleration demand signal represent 
ing the achievement of a predetermined acceleration by 
the drive motor means, determine an intermediate posi 
tion as a present function of the demanded displace 
ment, determine an acceleration error between the ac 
celeration demand signal and transducer signal repre 
senting the instantaneous acceleration, cause the accel 
eration error signal to apply a drive current to the drive 
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6 
motor to accelerate it at said predetermined accelera 
tion rate until it reaches the intermediate position there 
after causing the current in the drive motor to be re 
versed in direction to effect controlled deceleration of 
the drive motor and reduce the acceleration demand 
signal as a function of the instantaneous velocity and 
displacement to bring the body to rest at the demanded 
position. 

2. A feedback servo positioning system for control 
ling the position of a displaceable body in accordance 
with received position demand signals including trans 
ducer means operable to produce transducer signals 
representing the instantaneous position, velocity and 
acceleration of the body and drive motor means opera 
ble to displace the body in response to error signals 
received from decision making means to which said 
position demand signals and transducer signals are ap 
plied, said decision making means being responsive to a 
displacement between instantaneous and demanded 
positions greater than a predetermined threshold value 
to determine as a preset function of the demanded dis 
placement an intermediate position and cause an error 
signal to be applied to the drive motor to accelerate it at 
a predetermined acceleration rate until it reaches the 
intermediate position, thereafter causing the current to 
be reversed to decelerate the motor and reduced in 
value at a rate being a function of the instantaneous 
velocity and displacement to bring the body to rest at 
the demanded position, and responsive to a displace 
ment between instantaneous and demanded positions 
less than said predetermined threshold value to cause 
the application of error signals to the drive motor means 
having a value proportional to the difference between 
the instantaneous and demanded positions, said decision 
making means including 

(i) digital processing means containing the predeter 
mined threshold value of displacement and the 
functions of displacement and velocity required to 
determine the intermediate position and decelera 
tion rate, said digital processing means being ar 
ranged to receive signals relating to the demanded 
position and, from the transducer means, signals 
relating to the instantaneous position and velocity 
and operaable to produce in either a displacement 
output state signals representing the instantaneous 
displacement error or in an acceleration output 
state signals representing a demanded acceleration 
and to produce a configuration signal indicative of 
the output state, and 

(ii) analog servo controller means having 
(a) a first input arranged to receive thereat signals 
from the transducer means relating to instanta 
neous acceleration, 

(b) a second input arranged to receive thereat said 
signals from the digital processing means, 

(c) error measuring means, 
(d) a feedback network having a transfer function 

in accordance with acceleration signals arranged 
to pass the signals received at the first input to 
the error measuring means, and 

(e) switching means responsive to configuration 
signals from the digital processing means either 
to connect the second input, in receipt of accel 
eration demand signals, to the error measuring 
means and an output of the error measuring 
means to an output of the decision making means 
or to connect the second input, in receipt of 
position error signals, by way of a path having 
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only a constant transfer function to said output 
of the decision making means. 

3. A feedback servo positioning system as claimed in 
claim 1 in which the predetermined acceleration rate 
demanded is substantially constant. 

4. A feedback servo positioning system as claimed in 
claim 2 in which the predetermined acceleration rate 
demanded represents substantially the maximum accel 
eration rate of the servo system. 

5. A feedback servo positioning system as claimed in 
claim 1 in which the preset function of the demanded 
displacement between the demanded position and in 
stantaneous position at the time of said determination of 
the intermediate position is a fraction thereof. 

6. A feedback servo positioning system as claimed in 
claim 5 in which the fraction is one-half. 

7. A feedback servo positioning system as claimed in 
claim 1 in which the deceleration rate function is the 
relationship of one half of the quotient of the square of 
the instantaneous velocity and the difference between 
the demanded and instantaneous positions at the time of 
determination. 

8. A feedback servo positioning system as claimed in 
claim 1 including braking means responsive to a de 
manded drive motor deceleration rate function in excess 
of that available from the motor drive means to provide 
the additional retardation by mechanical braking of the 
body or drive motor means. 

9. A method of positioning a body displaceable by a 
drive motor in response to received error signals and 
coupled to transducer means operable to measure the 
instantaneous position, velocity and acceleration of the 
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8 
body comprising determining whether a demanded 
position results in a demanded body displacement in 
excess of a predetermined threshold and if so, deriving 
an intermediate position as a preset function of the dis 
placement between initial and demanded positions, 
causing a predetermined acceleration of the drive motor 
until the body reaches said intermediate position and 
from said intermediate position causing deceleration of 
the drive motor as a function of the instantaneous veloc 
ity and remaining displacement at a rate to bring the 
body to rest at the demanded position, and if or when 
the displacement between instantaneous and demanded 
positions is less than said predetermined threshold caus 
ing a substantially linear position error signal to be ap 
plied to the drive motor proportional to the difference 
between instantaneous and demanded positions. 

10. A method as claimed in claim 9 in which the 
preset function of the demanded displacement between 
the demanded position and instantaneous position at the 
time of said determination of the intermediate position is 
a fraction thereof. 

11. A method as claimed in claim 10 in which the 
fraction is one-half. 

12. A method as claimed in claim 9 in which the 
deceleration rate function is the relationship of one half 
of the quotient of the square of the instantaneous veloc 
ity and the difference between the demanded and in 
stantaneous positions at the time of determination. 

13. A method as claimed in claim 9 in which the 
predetermined acceleration rate demanded is substan 
tially constant. 

sk k sk sk xk 



UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

PATENT NO. : 4, 694,229 

DATED September 15, 1987 
INVENTOR(S) : 

Robert J. Cormack 
It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 

Corrected as shown below: 

Column 5, Clain l, Line 3, after signals, please insert the 
following --including transducer means operable to produce 
transducer signals--. 

Attest: 

Signed and Sealed this 
Second Day of February, 1988 

DONALD J. QUIGG 

Commissioner of Patents and Trademarks Attesting Officer 

  

  


